Development of the catecholaminergic innervation of the song system of the male zebra finch.
Catecholamines (CA) have been proposed to have neuromodulatory actions, particularly on attention and learning, in a number of neural systems. Because several of the interconnected brain nuclei that mediate song learning and production in the adult male zebra finch (Taeniopygia guttata) contain these neurotransmitters, we investigated the appearance of the catecholaminergic innervation of the song nuclei of male zebra finches during posthatch development, specifically during the period in which song learning occurs. We studied the development of immunoreactivity for tyrosine hydroxylase (TH) in the song nuclei HVc, RA, NIf, LMAN, and Area X in young males aged 20, 35, and 60 days as well as in adults (> 90 days). We also visualized catecholamines directly in Area X using CA histofluorescence. Both TH immunoreactivity and CA histofluorescence were initially low in Area X relative to their levels in the surrounding parolfactory lobe (LPO), and then increased during development to become more intense than in LPO by days 60-90. Similarly, TH immunoreactivity in HVc was initially low relative to that in the surrounding neostriatum, then increased during development to become more intense than that in the surround by day 60. TH immunostaining also increased markedly in NIf, RA, and LMAN over the same period. These results show that the levels of catecholamines and their major synthetic enzyme increase in song nuclei during development and thus raise the possibility that these transmitters contribute to the development of the song system or to song learning.